To evaluate the protein quality and postgut N utilization of full-bloom timothy hay, oatsupplemented timothy-hay diets, and alfalfa hay harvested at different maturities, apparent whole tract N digestibility, urinary N excretion, and serum AA profiles were determined in light to moderately exercised Arabian horses. Six Arabian geldings (16.0 ± 0.3 yr; 467 ± 11 kg of BW) were randomly allocated to a 6 × 6 Latin square design. Diets included full-bloom timothy grass hay (G), G + 0.2% BW oat (G1), G + 0.4% BW oat (G2), mid-bloom alfalfa (A1), early-bloom alfalfa (A2), and early-bud alfalfa hay (A3). Forages were fed at 1.6% of the BW of the horse (as-fed). Each period consisted of an 11-d adaptation period followed by total collection of feces and urine for 3 d. Blood samples were taken on d 11 for analysis of serum AA concentrations. During the 3-d collection period, urine and feces were collected every 8 h and measured and weighed, respectively. Approximately 10% of the total urine volume and fecal weight per period was retained for N analyses. Fecal DM output was less (P < 0.05) in A1, A2, or A3 compared with G, G1, or G2. Apparent whole tract N digestibility was greater (P < 0.01) in A1, A2, and A3 compared with G, G1, or G2, and was greater (P < 0.05) in G1 and G2 compared with G. Nitrogen retention was not different from zero, and there were no differences (P > 0.05) in N retention among diets. Urinary N excretion and total N excretion were greater (P < 0.05) in A1, A2, and A3 compared with G, G1, or G2. Plasma concentrations for the majority of AA increased curvilinearly in response to feeding G, A1, A2, and A3 (quadratic, P < 0.05), with values appearing to maximize 2-h postfeeding. Although alfalfa N digestibility increased with decreasing harvest maturity, N retention did not differ and urinary volume and N excretion increased, indicating that postabsorptive N utilization decreased. In contrast, inclusion of oats at either 0.2 or 0.4% of the BW of the horse to timothy hay markedly enhanced N digestibility without increasing N excretion, indicating improvement in postgut N utilization. These findings indicate that feeding oat-supplemented timothy hay is more environmentally sustainable than feeding alfalfa to the horse at maintenance or under light to moderate exercise.
INTRODUCTION
Feeding protein in excess of the requirement is common in the horse industry (Lawrence et al., 2003) and leads to increased urinary N excretion, which in turn contributes to ground water contamination and decreased environmental air quality (Knowlton and Cobb, 2006) . Strategies to mitigate the impact of equine feeding practices on the environment depend on knowledge of feed protein quality and postgut N utilization by the horse. Such information remains very limited for common feedstuffs such as alfalfa, timothy, and oats. Alfalfa is fed extensively because of its high CP concentration (Ralston, 1989) and superior nutrient digestibility (Cymbaluk and Christensen, 1986) , both of which are affected by plant maturity (Darlington and Hershberger, 1968) . Timothy, on the other hand, typically has less CP concentration and apparent N digestibility than alfalfa (Fonnesbeck et al., 1967; Cuddeford et al., 1992) and is commonly fed with oats (Hussein et al., 2004) . However, the impact of feeding alfalfa of differing maturity relative to timothy on total N losses to the environment is poorly documented. In addition, it is not known whether feeding grass hay alone or in conjunction with oats is more environmentally sustainable than feeding alfalfa. The objective of this study was to evaluate the protein quality and postgut N utilization of alfalfa (Medicago sativa) harvested at different maturities, full-bloom timothy (Phelum pretense), and oat-supplemented full-bloom timothy-hay diets. The specific aims were to 1) determine apparent whole tract N digestibility of timothy hay alone, timothy hay with 2 levels of oats inclusion, and alfalfa hay of different maturities at harvest; 2) evaluate the AA profile and availability of timothy and alfalfa hay of different maturities at harvest; and 3) quantify N excretion in horses fed timothy, oat-supplemented timothy, and alfalfa hay harvested at different maturities.
MATERIALS AND METHODS
All animal use and handling were approved by the Michigan State University Institutional Animal Care and Use Committee.
Animal Management
Six mature Arabian geldings (16.0 ± 0.3 yr; 467 ± 11 kg) were used. Before the start of the experiment, horses were housed together on a large mixed-grass pasture with free access to water. For the duration of the study, horses were individually housed in 3 × 3 m box stalls bedded with wood shavings. Body weight and BCS (Henneke et al., 1983) were recorded 1 d before the start of each adaptation period. The BCS of each horse represented the average BCS determined by 3 independent skilled observers. To minimize overfeeding and orts, BW were adjusted using 1 BCS unit per 20 kg above or below an average 500-kg horse (NRC, 2007) as follows: If a horse had a BCS of 5, no adjustment was made. No horses had a BCS less than 5.
During the entire study, horses were used in horsemanship classes and equestrian team practices 3 to 5 d per week. The weekly workload on average consisted of 35% walk, 55% trot, and 10% canter, corresponding to a light to moderate exercise workload, as described by NRC (2007) .
Experimental Design and Diets
Horses were allocated to 6 diets over 6 time-periods in a 6 × 6 Latin square design, balanced for residual effects. Each period was 14 d, consisting of 11 d of dietary adaptation followed by 3 d of total feces and urine collection. Diets included full-bloom timothy grass hay (G), G + 0.2% BW oats (G1), G + 0.4% BW oats (G2), mid-bloom alfalfa (A1), early-bloom alfalfa (A2), and early-bud alfalfa hay (A3). Timothy hay was harvested from 7 fields from June 11 through June 22, 2007. Alfalfa was harvested from the same field on June 12 (A1), July 8 (A2), and August 13, 2007 (A3). To minimize hay refusals, forages were fed daily at 1.6% BW (as fed), corresponding to 80% of the recommended NRC (2007) daily hay intake. Both forages and oats were divided in 2 equal rations and fed at 0700 and 1600 h. At each feeding, shavings were thoroughly cleared from the feeding area, and hay was provided in feed tubs to keep hay and shavings separate. Orts, if any, were collected and weighed before the morning feeding and subtracted from the 24-h feed intake. Free access to water was provided during the entire study.
Sample Collection
Forages and Oats. Sufficient bales of each hay type (G, A1, A2, and A3) were allocated to 6 periods. Each bale was core-sampled, and the samples were pooled for each period for nutrient analysis. Oats were sampled, and samples were pooled for each period for nutrient analysis.
Feces and Urine. On d 12 of each adaptation period, total collection devices (Equisan Marketing, Melbourne, Australia) were fitted to each horse for collection of feces and urine over 3 d (i.e., d 12, 13, and 14) . Feces and urine were removed every 8 h. Eight-hour urine volume was measured and 10% of total volume sampled and stored in tightly capped high-density polyethylene bottles at −20°C. Eight-hour fecal mass was weighed, and 10% of total mass was sampled and stored in a plastic bag at −20°C. After completion of each 3-d collection period, fecal and urine samples from each horse were thawed. Urine was strained through cheesecloth to remove debris, pooled, and thoroughly homogenized. Fecal samples were pooled and thoroughly mixed. Representative fecal and urine samples were retained and stored at −20°C until analysis.
Blood. Blood samples (10 mL) were collected on the morning of the last day of each adaptation period (i.e., d 11), via jugular venipuncture using a 20-gauge needle and serum Vacutainer tubes containing no additives (Becton Dickinson, Franklin Lakes, NJ) after feeding of hay at 0.8% BW, and oats at 0.1 and 0.2% of BW for diets G1 and G2, respectively. Oats were offered simultaneously with hay in G1 and G2. Samples were collected 30 min before feeding and at 60, 120, 180, and 240 min postfeeding, allowed to coagulate on ice for 20 min, and centrifuged at 1,340 × g for 10 min at room temperature. Serum was harvested and stored at −20°C for later analysis of AA concentrations.
Laboratory Analyses
Hay samples were air-dried at 105°C, and hay and oats were ground through a 1-mm screen (Cyclotec 1093 sample mill, Foss, Eden Prairie, MN) for DM, fiber composition, N and AA analyses. For each period, timothy and alfalfa hay samples were analyzed for ADF, NDF, and ADL according to the methods of Goering and Van Soest (1970) . Hemicellulose was determined by subtraction of ADF from NDF and cellulose by subtraction of ADF from ADL.
Fecal samples were thawed, freeze-dried to prevent N evaporative losses, and ground to pass through a 1-mm screen (Cyclotec 1093 sample mill, Foss, Eden Prairie, MN). Feed, fecal, and urine samples were analyzed for N by thermal combustion (Leco, St. Joseph, MI).
Samples of timothy and alfalfa hay from each period were pooled and AA concentrations determined by HPLC (Waters, Milford, MA) as described by after hydrolysis in 6 N HCl for 24 h at 110°C. Serum AA concentrations were determined as described by . All AA analyses were run in duplicate and averaged based on an accepted intraassay CV of less than 5%.
Statistical Analysis
Forage fiber composition, DM, and N data were subjected to ANOVA using the GLM procedure (SAS Inst. Inc., Cary, NC), with forage and period included as fixed effects. Body weight, DMI, N intake, fecal N, urinary N, N absorbed, N retention, N digestibility, fecal DM and urinary volume, and serum AA concentrations were analyzed using the MIXED model procedure of SAS. The model included the fixed effects of diet and period and the random effect of horse. Differences between diets were tested using the Tukey adjustment. Linear and quadratic effects of CP content across diets were determined using polynomial coefficients for uneven spacing with the IML procedure of SAS. For serum AA concentrations, the model included the fixed effects of diet, time, period, the interaction of diet × time and the random effect of horse, and prefeeding (i.e., −30 min) AA concentrations as a covariable. Serum AA concentration response to feeding over a 240-min period was evaluated using linear and quadratic polynomial functions as described previously. Significance and tendencies toward significance are reported at P < 0.05 and 0.10, respectively.
RESULTS

Forage Nutrient Profile
Crude protein and fiber composition of timothy and alfalfa hay are presented for each period (1 to 6) in Table 1 and summarized across periods in Table 2 . Dry matter did not differ across A1, A2 and A3 compared with G. Crude protein concentration was greatest in A3, followed by A2, A1, and G (P < 0.001). Neutral detergent fiber, ADF, and cellulose were least in A3, followed by A2, A1, and G (P < 0.001). Hemicellulose was least in A3, and across A1, A2, and A3, was less Values are means of duplicate sample analyses. Samples were collected by coring each hay bale fed during each collection period and pooled per period for analyses. than G (P < 0.001). Lignin content was greatest in A1 followed by A2, A3, and G (P < 0.001); lignin did not differ between A3 and G.
Amino acid composition of timothy and alfalfa hay is presented in Tables 2 (% DM) and 3 (% CP). Amino acid concentration (% DM) was numerically greater for A1, A2, and A3 compared with G (Table 2 ), in particular for Lys, which was 3.1-to 3.7-fold less in G compared with alfalfa. The AA composition (% CP) was similar across all forages (Table 3) .
N Balance and Utilization
Linear and quadratic responses to feeding alfalfa with decreasing harvest maturities (i.e., A1 to A3), and oats supplementation to timothy grass hay (i.e., G to G2), are presented in Table 4 . Urine volume, N intake, fecal N excretion, urinary N excretion, total N excretion, and N digestibility increased linearly (P ≤ 0.05 to 0.001), fecal DM tended to increase linearly (P = 0.07), and DM tended to increase curvilinearly (quadratic, P = 0.08) in response to feeding A1 to A3 (Table 4) . For timothy grass hay and oat-supplemented timothy grass hay diets, there was a linear response to oat supplementation (P < 0.01 to 0.001) for DMI, fecal DM, N intake, fecal N excretion, and N digestibility. There was no relationship between urinary N excretion and inclusion of oats, but total N excretion tended to increase linearly (P = 0.08) with increasing oats inclusion.
The effect of alfalfa and timothy diets on N balance and utilization are presented in Table 4 . Compared with timothy diets, BW and fecal N excretion of horses fed alfalfa did not differ. Dry matter intake decreased in horses fed A1, A2, and A3 compared with G1 or G2 (P < 0.001). Nitrogen intake increased (P < 0.05) in horses fed A1, A2, or A3 compared with G, G1, or G2. Urine volume was greater (P < 0.05 to 0.001) in horses fed A1, A2, and A3 compared with G, greater (P < 0.05) for A1 compared with G1, and greater (P < 0.01) for A3 compared G1 and G2. Urine volume tended to increase (P = 0.06) in horses fed A2 compared with G1 and did not differ compared with G2. Fecal DM was Means within a row without a common superscript letter differ at P < 0.05.
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Values are least squares means of duplicate samples collected over each period. Samples were collected by coring each hay bale fed during each collection period and pooled per period for analyses. greater (P < 0.01) in horses fed A3 compared with G, greater (P < 0.01) in horses fed A1, A2, or A3 compared with G1, and greater (P < 0.001) in horses fed A1, A2, or A3 compared with G2. Fecal DM tended to increase in horses fed A1 or A2 compared with G (P = 0.07 and 0.06, respectively) and in horses fed A2 compared with G. Urinary N excretion, total (fecal + urine) N excretion, and N digestibility were greater (P < 0.05) in horses fed A1, A2, or A3 compared with G, G1, or G2. Nitrogen retention did not differ among diets, except for a tendency to be greater (P = 0.07) in A3 compared with G.
Serum AA Concentrations
Serum AA concentrations in response to feeding G, A1, A2, and A3 are presented in Figures 1, 2, 3 , 4, 5, 6, 7, 8, 9 , and 10. Overall, compared with horses fed G, horses fed A1 and A3 had greater serum concentrations of Arg (P = 0.04 and P < 0.001, respectively), Ile (P = 0.02 and P < 0.001, respectively), Leu (P = 0.03 and P < 0.001, respectively), Lys (P < 0.01), Thr (P = 0.02 and P < 0.01, respectively), Trp (P < 0.01), and Val (P < 0.01 and 0.001, respectively). Compared with horses fed G, serum Met concentrations increased (P < 0.01) and tended to increase (P = 0.08) in horses fed A3 and A1, respectively. In horses fed A2, serum Arg concentrations increased (P = 0.02) and serum Trp concentrations tended to increase (P = 0.08) compared with horses fed G.
Over the 240-min postfeeding period, there was a curvilinear response (quadratic, P < 0.05) in serum AA concentrations for Thr, Met, Leu, Phe, and Lys, with concentrations peaking 120 min postfeeding. In horses fed A1, Thr increased linearly (P < 0.01), and other AA increased curvilinearly (quadratic, P < 0.001 to 0.05), including Met, Leu, Phe, Trp, and Lys. In horses fed A2, the majority of indispensable AA increased curvilinearly over time (quadratic, P < 0.001 to 0.05), with no change in His and Val. In horses fed A3, Thr and Val increased linearly (P < 0.001 and 0.01, respectively), His tended to increase linearly (P = 0.07), and Means without a common superscript letter differ at P < 0.05. 
DISCUSSION
Knowledge of feed ingredient protein quality and postgut N utilization is important for implementing successful, sustainable feeding strategies for the horse industry (i.e., designing dietary plans to meet the dietary N requirements and minimizing N excretion). In this study, we assessed the apparent protein digestibility and postgut N utilization of commonly used feeds (i.e., timothy and alfalfa hay of varying maturity and oat-supplemented timothy-hay diets) and quantified the relative N excretion. Although several estimates of whole-tract apparent N digestibility have been reported for timothy and alfalfa, very little is known about the relative impact of feeding these common forages on total N losses to the environment. Furthermore, little is known about the intrinsic and extrinsic factors (i.e., protein AA profile and fiber composition, respectively) that define the protein quality of timothy and alfalfa hay. The AA and fiber composition of these forages was, therefore, determined to further evaluate the factors that can affect protein quality.
Estimates of whole-tract apparent N digestibility of timothy hay range from 36 (Cuddeford et al., 1992) to 66% (Darlington and Hershberger, 1968) , whereas those of alfalfa range from 55 (Darlington and Hershberger, 1968 ) to 81% (Potts et al., 2009 ). Whole-tract Figure 1 . Serum Arg concentrations pre-and postfeeding from horses fed diets consisting of timothy grass hay (G, ♦), mid-bloom alfalfa (Δ), early-bloom alfalfa (□), or early-bud alfalfa (A3, ○). Time −30 indicates basal concentrations. At each time point, * and ** indicate differences from G at P < 0.05 and 0.01, respectively. Tendencies toward a significant difference from G (P < 0.10) are indicated by †. Serum Arg concentrations of horses fed A3 showed both a linear (P < 0.01) and quadratic (P < 0.01) relationship to time after feeding. Pooled SEM = 27.41 μmol/L. apparent N digestibility of timothy hay in this study was close to previously reported values of 36 and 42% in horses and ponies, respectively (Hintz et al., 1971; Cuddeford et al., 1992) , but less than other reported values of 48 to 55% (Fonnesbeck et al., 1967; Darlington and Hershberger, 1968; Ordakowski-Burk et al., 2006) . Whole-tract apparent N digestibility of A1 in this study was 73%, which is considerably greater than reported values of 65% in Standardbred geldings (Fonnesbeck et al., 1967) . The apparent N digestibility of A2 and A3 (75 and 78%, respectively) in this study are in agreement with Darlington and Hershberger (1968) who reported values of 72 and 75% for mid-mature and immature alfalfa, respectively. Others have reported comparable values of 73% in ponies (Gibbs et al., 1988) and Arabian geldings (Crozier et al., 1997) , 74% in Thoroughbred geldings (Cuddeford et al., 1992) , and 76% in stock-type geldings (Sturgeon et al., 1999) . As expected, timothy hay AA concentration was less than any alfalfa, and alfalfa AA concentration increased with decreasing harvest maturity. Our values are in close agreement to previously reported values of timothy hay AA composition expressed as percentage of DM (Muscato et al., 1983) , and of timothy and alfalfa hay expressed as percentage of CP (Tedeschi et al., 2001 ). In contrast, AA concentration values for timothy and alfalfa reported in NRC (2007) seem to be grossly underestimated. Amino acid composition (% CP) in timothy and alfalfa hay was remarkably constant across forages, indicating that the protein quality of timothy hay At each time point, * and ** indicate differences from G at P < 0.05 and 0.01, respectively. Tendencies toward a significant difference from G (P < 0.10) are indicated by †. There was a quadratic relationship (P < 0.05) of serum Leu concentrations with respect to time after feeding for each diet. Horses fed A3 also had a linear relationship (P = 0.02) of serum Leu concentrations to time after feeding. Pooled SEM = 28.60 μmol/L. and alfalfa of differing maturity is not a function of the protein AA composition but rather of extrinsic factors of N digestibility.
Fiber composition has been shown to affect apparent N digestibility in horses (Glade, 1984) . Digestibility of the cellulose component of fiber is directly related to lignification, which in turn decreases plant cell-wall protein digestibility in bovine (Van Soest, 1994) . In our study, as alfalfa maturity decreased, lignification decreased and apparent N digestibility increased. In timothy hay, lignin content was similar to early bud alfalfa (A3), yet N digestibility was dramatically less. However, timothy NDF content was 30 to 100% greater than that of alfalfa hay (mid bloom to early bud, respectively).
In dairy cattle (Van Soest, 1994) and horses (Glade, 1984) , NDF is inversely related to N digestibility, indicating that the decreased N digestibility of timothy hay is mainly attributed to greater NDF content. In addition, hemicellulose content of timothy was 3-to 4-fold greater than that of alfalfa hay. Hemicellulose is associated with lignin content (Van Soest, 1994) and has been suggested to be a limiting factor to fiber digestion in horses (Glade, 1984) . Consequently, the decreased hemicellulose of alfalfa compared with timothy hay is likely to be an important contributing factor to the greater whole tract apparent N digestibility of alfalfa compared with timothy hay. It is critical, however, to recognize that apparent N digestibility under- Figure 5 . Serum Lys concentrations pre-and postfeeding from horses fed diets consisting of timothy grass hay (G, ♦), mid-bloom alfalfa (A1, Δ), early-bloom alfalfa (□), or early-bud alfalfa (A3, ○). Time −30 indicates basal concentrations. At each time point, * and ** indicate differences from G at P < 0.05 and 0.01, respectively. Tendencies toward a significant difference from G (P < 0.10) are indicated by †. Serum Lys concentrations were quadratic (P < 0.01) with respect to time after feeding for each diet. Linear relationships and tendencies toward linear relationships of serum Lys concentration with respect to time after feeding were also found for horses fed diets G (P = 0.08), A1 (P < 0.01), and A3 (P = 0.05). Pooled SEM = 6.22 μmol/L. Figure 6 . Serum Met concentrations pre-and postfeeding from horses fed diets consisting of timothy grass hay (G, ♦), mid-bloom alfalfa (Δ), early-bloom alfalfa (A2, □), or early-bud alfalfa (○). Time −30 indicates basal concentrations. At each time point, * and ** indicate differences from G at P < 0.05 and 0.01, respectively. Tendencies toward a significant difference from G (P < 0.10) are indicated by †. Serum Met concentrations showed a quadratic (P < 0.05) relationship to time after feeding for all diets. There was a linear relationship (P = 0.03) between serum Met concentrations and time after feeding for horses fed A2. Pooled SEM = 3.80 μmol/L.
estimates the true digestibility of low, relative to high, protein-containing feeds. Endogenous losses associated with feeding timothy hay are likely to be substantial compared with alfalfa, and correcting for endogenous losses would allow for a better assessment of timothy hay protein digestibility.
Cereal grains are commonly fed to horses as a source of dietary energy because of their increased energy density. Addition of grains can enhance whole-tract apparent N digestibility of low-protein forages, such as straw, from 50 to 66% (Kienzle et al., 2002) . Whole oats are a common grain used in many mixed equine diets because they are highly palatable and readily digestible (Hussein et al., 2004; Sarkijarvi and Saastamoinen, 2006) . In this study, addition of oats at 0.2 and 0.4% BW to the low-protein timothy hay improved apparent N digestibility by 9.1 and 14.6%, respectively, with no increase in urinary N excretion, thus indicating improved postgut N utilization.
Similarly, Palmgren Karlsson et al. (2000) reported a 17 and 25% increase in whole-tract apparent N digestibility when oats were provided in addition to grass hay at 0.3 and 0.6% BW compared with grass hay fed alone. In contrast, the greater N digestibility associated with feeding alfalfa hay of decreasing maturity caused an increase in urinary volume and N excretion. Urinary volume, and in particular urinary N excretion and total N excretion, were remarkably increased in horses fed alfalfa relative to horses fed timothy hay and oatsupplemented timothy hay diets. Despite the increased At each time point, * and ** indicate differences from G at P < 0.05 and 0.01, respectively. Tendencies toward a significant difference from G (P < 0.10) are indicated by †. Serum Thr concentrations showed a quadratic (P < 0.05) relationship to time after feeding for all diets. There was a linear relationship (P < 0.01) between serum Thr concentrations and time after feeding for horses fed A1 and A3. Pooled SEM = 18.16 μmol/L. N digestibility of alfalfa, such increase in urinary N excretion (3-to 4-fold greater urinary volume and 4-to 5-fold greater urinary N excretion) with no change in N balance indicates that postgut N utilization decreased.
In this study, all horses consumed forages at 1.6% BW (as-fed basis). Consequently, horses fed timothy hay alone consumed approximately 20 mg/kg of BW less N and 50% less than that recommended by NRC (2007) for horses with light to moderate exercise (163 vs. 187 mg of N/kg of BW), thus explaining the numerical negative N balance. On the other hand, horses fed the oat-supplemented timothy diets consumed N below the NRC (2007) requirement for light to moderately exercised horses (i.e., 206 and 244 mg/kg for timothy hay with oats fed at 0.2 and 0.4% BW, respectively). Addition of oats at 0.2% BW to timothy hay increased daily dietary Lys intake to 24.5 g, meeting the requirement for horses at maintenance (NRC 2007) , and addition at 0.4% BW increased daily Lys intake to 30 g, meeting requirement for horses with light, but not moderate, exercise. Regardless, oat supplementation maintained N balance, and it is noteworthy to mention that digestible N and AA requirement have not been defined for the horse. In sharp contrast, horses consuming alfalfa at 1.6% of BW exceeded N intake by 2 to 2.5-fold and Lys intake by 50% of NRC (2007) estimates. In our study, N retention was expected to be near equilibrium as all horses were mature and performed only light to moderate exercise. It is unclear as to why horses fed the early-bud alfalfa were in positive N balance. Given the complexity and large gaps in our understanding of hindgut N metabolism and recycling, it is plausible that under such large intake of proteins from forages, a longer adaptation period may be needed to reach N equilibrium. In addition, greater rates of evaporative N losses that were not captured are likely associated with high-protein forages, consequently underestimating total N excretion and overestimating retention.
Profiling serum AA concentrations postfeeding allowed for additional qualitative assessment of postgut N utilization of hays differing in apparent N digestibility. Serum AA concentrations in horses have previously been related to dietary AA composition (Reitnour et al., 1970; Graham-Thiers and Bowen, 2009; Wilson and Graham-Thiers, 2009 ), but very little information is available on serum AA response to forage feeding alone in horses (Graham-Thiers and Bowen, 2009) . Consistent with the greater AA concentration and N digestibility of alfalfa compared with timothy hay, serum AA concentrations increased postprandially in horses fed alfalfa, reaching a peak at approximately 2 h postfeeding. Johnson and Hart (1974) also reported AA concentrations increase for 2 h and then return to basal 4 h after feeding a pelleted diet consisting of alfalfa, orchardgrass hay, wheat straw, barley, oats, and soybean meal. With timothy hay, serum AA concentrations seemed to peak 2 h postfeeding. Because passage rate through the small intestine ranges from 2 to 4 h for grains and forages, respectively, our results and those of Reitnour et al. (1970) indicate that there is considerable absorption of AA from both grass and legume forage proteins in the small intestine of the horse. However, DePew et al. (1994) reported a secondary spike in plasma indispensable AA concentrations 6 h after feeding a diet consisting of bermudagrass hay and grain concentrate, indicating AA absorption from the hindgut as well. In the current study, serum AA concentration was only profiled over a 4-h window.
In conclusion, apparent N digestibility of alfalfa increased with decreasing maturity, but AA protein composition remained unchanged, indicating that protein quality of alfalfa differed in part because of apparent N digestibility rather than AA composition. The reduced apparent N digestibility of timothy relative to alfalfa hay was related to the markedly greater hemicellulose content in timothy hay and is likely associated with greater endogenous N losses. Indeed, despite the reduced apparent N digestibility, serum AA concentrations in horses fed timothy hay peaked 2 h postfeeding, as observed for alfalfa hay, indicative of prececal AA absorption. Alfalfa hay N was highly digestible, with N and Lys intake exceeding requirements for moderate exercise when fed at 1.6% of the BW of the horse. Feeding alfalfa of decreasing maturity markedly increased urine volume and decreased postgut N utilization. Adding oats as little as 0.4% of BW to full-bloom timothy hay improved postgut N utilization and met Lys requirement for light exercise. When grass hay availability is not limiting, feeding grass hay is more environmentally desirable than feeding legume hay, especially for the pleasure horse.
